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Conventional sofiwarcmcthodsarc  not always sufficient forapplications  that involvcdcmancling
re.al-tinl  cconstra.int  sinconjmlction  whhintricatc  reasoning capabilities. Oncsoch  application areais
the monitoring of complex systems. MARVJ31.  is adistributul  monitoring and diagnosis too] that
combines conventional software with multiple, cooperating knowledge-based systems, It has been
clcvclopcd  and successful] y applied to the automation of interplanetary spacecraft opcxat  ions at
NASA’s Jet Propulsion] laboratory.

MARVE1.  (N[ultiJnissioJ~ AutonlatioJl  for Real-tiJnc Verification of IIngincering  1 ink) is an auto-
mated systeJm  for telcJmtry moJ~itoring  aJld analysis, MARVI i]. has bccJ] act ivcl y used for Jnission
opcraiions since 1989, It was first deployed for the. Voyager cncountcr with Neptune and has re-
mained under incrcJncnta]  dcvc]opJmcnt  since that time, with Jmw dclivcrics  occurring every six to tcn
months. M ARVt\I,  provides real-time moJ~itoring  of dat a from multiple spacecraft subsystems, real -
tinm diagnosis of anomaly conditions, and both real-time and non-real-time productivity cnhanccmcnt
functions (such as trend analysis and report gcmration).  The primary goal of MARV1;I.  is to combine
lconvcntiona] automation and knowledge-based technique.s to provide improvccl accuracy and cfficicnt
in mission operations. A swond goal is to clc.monst  rate that incorporate ing artificial intc] ligcnce  tech -
]niqum into coJnp]cx  rca]-t imc app] i cat ioJls can help reduce  the Jmed for constant availability y of human
CX]>CJ’[  i Sc .

MARV1 i]. prcwidcs user-interface fuJlctioJ~s,  data access, data manipulation, data display, aJld data
archiving withiJl an X-windows/Motif cJlviroJlnlcnt, ‘1’hc detailed cxpcrtisc for anoJmaly aJ~alysis  is
ilnqdeJmntccl wit”h hierarchical, cJllbcddcd,  knowledge-based systems, in the cvcmt of anomalies, tlm
appropriate know]cdgc  bases provide diagJmis  and rCCOJ]llllCJldat  iOJIS for correct ivc. act ioJ~. MAR-
Vlil. Jnakcs it possible for a Jnission analyst to cffcctivcl  y haJ~d]c significantly more demanding
rml-t i mc sit uat ions than in the past, because it automat i call y pc.rforms numerous tasks that prcviousl  y
required human effort. As a result of MARV}il,,  it has bccomc  possib]c  for individual analysts to bc
rcspoJlsib]c  for several spacecraft subsystcJm  during  periods of low and moderate spacecraft activity.
‘1’his is bc.cause MARVE1,  rcduccs  both the ICVCI of training aJld the cognitive load that arc rcc]uired
to perform rout i Jm Jnission opcrat ioJls.

MARVlil.  has demonstrated that the use. of autoJ]lation cnhanccs  JnissioJ] operations. lndividua]
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spacecraft analysts arc no ]ongcr bmlcnccl with roLI[inc monitoring, with information gathering, or
with prcliminar:y  analysis functions. ‘1’hcy arc able to view the results of the automation of tlmsc
activities on disp]ays  associated with individaa]  sJ3acccraft.  subsystcnxs at the click of a mouse-but[on,
~’his approach has resulted in reduced need for staffing, less workforcc dedicated to routine tasks,
earlier anomaly detection an(i diagnosis, leverage of scarce and valuable cxpcr[ise,  and rcdl]cccl  inl-
pact from pcrsonnc]  turnovcro

As a result, a MARVI1l.  system for the Galileo mission (to Jupiter) is now underway, and a sys[cm
for experimental 11,S. Airforcc satellites is under  consideration, ‘1’hc commercial potential for satellite
monitoring and diagnosis is relative] y obvious, however, the technology developed in MARV1iI,  is
relevant to any type of complex system that needs to bc monit orccl,  cliagnosccl,  and/or corrcctccl in
real-t i me. Potential app]icat ion might include anything from conventional (or nuclear) power plants
to transportation systems,

This paper describes clctails  of the MAl<Vlil.  architcc(urc  and il]]l>lc]]]cr~tatiol~,  the real-time ap-
proaches to artificial intelligence, the benefits of operational USC, and lessons learned in the
development prclcess that enable straightforward transfer of MARVEI,  to other applications.
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